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HYBRID INORGANIC POLYMER SYSTEMS 

The present invention relates to Hybrid Inorganic Polymer Systems (HIPS), and more 
particularly to inorganic polymers that have been modified by the incorporation within 
their structure of organic functional groups. The present invention also relates to a process 
for the preparation of such modified polymers as well as their use. 

m term "inorganic polymer" is used herein to denote a class of inorganic materials 
derived form the polycondensation of aluminosilicates and alkaline solutions. The 
10 inorganic polymers include Si-O-Al bonds and may be classified depending upon the three 
dimensional silico-aluminate structures generated. They are typically used as binders, for 
example as cements. 

These types of inorganic polymers exhibit characteristic properties and it would be 
15 desirable to manipulate these properties with specific end uses in mind. For mstance .t 
would be useful to tailor such properties as toughness, elasticity, Young's modulus, 
adhesion, water-resistance. surface hanlness/impact resistance and ti^ermal and flarne 
resistance. The present invention seeks to influence and control the physical and/or 
chemical properties of inorganic polymers by incorporation witiiin ti.e polymer structure of 
20 one or more types of organic fiinctional groups. 

Accordingly, in one embodiment the present invention provides an inorganic polymer 
which comprises one or more organic fimctional group and which has ti^e following 
empirical formula: 

Rm [M20]x [AhOaly [SiOjlz • PH2O 


25 


in which: 

R represents an organic fimctional group; 
M is an alkali metal, such as sodium, potassium or lithium; 
X is selected fi:om chlorine and fluorine; 
30 m > 0; 
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qis>0.2; 
X is from 1 to 1.6; 
y is from 1.0; 
x/y isfrom 1.0 to 1.6; 
5 z is from 3 to 65; 
z/y is> 1.0; and 
P is from 3 to 5. 

Preferably, and independenUy. x is from 1.2 to 1.5 , z is from 3 to 10 and P is from 3.5 to 
10 5.0. 

•n^e symbol m represents the total number of moles of organic fimctional group(s). R. 
present in the inorganic polymer of the invention. These groups R may be the same or 
different. 

" Con™«ional toorg^o polymer consist of ohatas or neworks of oxygen-linked silicon 
atoms, with otI«r metals (typicaUy dumimum). rcpU.cing silicon at regular intervals wrthm 
the bulk chenucal structure. In the polymers of the present invention, depending on ,ts 
chemistry, the orgaruc functional group(s) R may terminate an alumino-silicate polymer 

20 chdn and/or may be provided as a spacer moi«y between alumino-silic^e polymer ch«ns 
within a network of such chains. 

The polymers of the present invention are formulated with the intention of exploiting 
beneficial properties of boti, organic and inorganic polymer systems. A number of 

25 different classes of hybrid inorganic polymer system may be prepared depending upon the 
nature of the organic functional group(s) which is/are incorporated witi^in the structure of 
the polymer. The type and concentration of organic functional group introduced has been 
found to influence the properties of tixe resultant organic/inorganic hybrid polymer. In turn 
this enables the properties of the polymer to be tailored to a targeted functionality. It wtil 

30 beappreciatedtiiattiieinorganicpolymermaybemodifiedbyincoxporationofthesameor 

different organic functional grovjp. Incorporation of different organic functional groups 
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enables the preparation of inorganic polymers which exhibit a combination of des.iable 
properties based on the individual types of organic functional groups (and relative 
proportions thereof) incorporated. This can allow more precise tailoring of the properties 
of the inorganic polymers of the present invention. 

The exact mechanism by which the organic functional group is bound within the structure 
of the inorganic polymer is unclear but this is believed to be due to ionic, covalent. 
hydrogen bonding or Van der Waals interactions, or a combination of two or more of 
these, depending upon the nature of the organic functional group. 

Examples of modifying reagents which may be used to introduce the organic functional 
group include: 

1 Organic silicon^ontaining compounds such as silanes, silicones and polysiloxanes. 
Where silanes are used the modified inorganic polymer will typically have the empirical 
formula: 

(R'nSi 04-„)m [M20]x [AhOjly [Si Ozlz • PH2O 

in which R« is an organic functional group, n is 1, 2 or 3 and the various other symbols are 
as defined above. Examples of organic functional groups R' include but not limited to 

20 alkyl (in particular Cm alkyl such as ethyl, methyl, propyl and butyl), alkenyl (in particular 
alkenyl such as vinyl. 1-propenyl. 2.propenyl and butenyl). alkynyl (in particular C^. 
alkynyl such as acetylenyl and propargyl). aryl (in particular C,.,o aryl such as phenyl and 
naphthyl) and the correspondmg alkaryl and arylalkyl groups. The above referenced alky . 
alkenyl and alkynyl groups include the correspondmg cyclic radicals such as cyclopropyl. 

25 cyclopentyl and cyclohexyl. 

Where silicones and polysiloxanes are used the modified inorganic polymer will typically 
have the empirical formula: 

(R'„Si(0)4.„«)m [MzOlx [AljOsly [Si Ozlz . PH2O 
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>„ whic. R'. n,. .. X. y. . and P - as defined above. SpecMc «,.p^ of ^cdt^E 
silicone reagents inciude poiydimeOiyl si.ox»es (PDMS) «.d polyd,me«,o:.y,.lan=s 
ethoxylated dihydroxyl tenninated. 

2 compounds conning speoiflo orgamo ftnoHonal groups. As modifying agen, i. 
is possible .o use compounds ,*ich con«ibu« specific ^ of organ-c fimCona 
;:ps to *e inorganic polymer. In UUs embodimen. useftU compounds «nd . mc 
polar Wional groups wHlchonable^ecompound^belncorpora^d^m^^^^^ 

modi^, *e inorganic polymer sttuc«re. Such pol„ orgamc compounds may n^e 
, grou^^hich are capable of forming covalem and/or ionic »,d/or secon^ry bonds^g 
rormLonofU,emodifledinorganicpo,ymerof*epres»,t— . ^^'^^^ 
or such f^mctio„a. groups include phenolic. »ni„o, anrido (and 
polyimido). epoxy and (me.h)acrylic funcdon.1 poups. These groups .re behoved U. be 
2;ora^ mJ .he inorganic polymer «ruc»e as spaces 
,5 beJen alumlnosilice chains linked primarily by having secondary bonds. Spe ^ 
^ples of such compounds include phenolic resins such as novola. and „sole res,^ 
:Srdes such as nylon-e and nylon-Sa. polyimides such as a^^-— 
■soLde resins and benzocyclobuUne resins, epoxies such as .p.chl.«.hyd„n ™d 
Z lol-A derived resins, epoxy cresol-novolak resins (ECN). bispeno F resrn «d 
ao Xph-ic epoxy resins, and (meU.)acry.a.s such as poly(m.«.y. meWa«) and 
polyCeOiyl meftacrylatt). Prefembly. Ure compound is a phenohc compound. 

,f «,e org».ic fimdonal group includes repea, units each of which is capable offornU^ a 
Zd 1 an aluminosilicate chain, nenvorks of crosslinked chMns may r^ul. ms .s 
« mll^ ImaU c-ly below where the modi^ing reagent includes phenol.c repeat 

units: 
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o+si-o-Ai-o-si-o-sH-, 


0+SK>AK>«l-0-81-+vr 


in which w, w* and w" represent the number of repeat units. 

Depending upon its identity the incorporation of organic functional groups in accordance 
5 with the present invention has been found to influence such properties as toughness. 
Young's modulus, elasticity, adhesion, water resistance and processabiUty. This means 
that the modified inorganic polymers may be used as a coating, binder and adhesive and in 
applications relying on hydrophobic/hydrophilic properties. 

10 As might be expected, the nature of the organic functional group vdthin the inorganic " 
polymer will have an influence on its specific properties, and thus on its possible end uses. 
For instance, it has been found that modification of the resultant inorganic polymer with a 
siloxane compound can enhance the elasticity and toughness of the inorganic polymer. 
Inorganic polymers modified in this way would be particularly useful for use as 

15 waterproofing and/or fire resistant adhesives and coatings on a variety of substrates, such 
as metallic and cellulosic materials. It has also been found that modification of an 
inorganic polymer by incorporation of a phenolic compound can lead to enhanced adhesive 
properties in the resultant product. Such modified inorganic polymers may be used as 
adhesives and binders for the production of composite materials (the polymer being used 

20 as a matrix material). 
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When fully fonnulated for use, the modified inorganic polymer of the present invention 
may include a variety of additives to impart particular characteristics. Thus, the polymer 
may include such additives as fillers, pigments, dyes, thixotropic and rheology modifying 
agents and reinforcing particles, synthetic and natural fibres and fillers, such as metal 
5 oxides, e.g. Y^O^, TiOz, ZrOz, CeOa. SnO^, ZnO, AI2O3, and iron oxides, carbon (fibre, 
flake or particles), carbides, nitrides, borides. metal powders, polymeric materials and 
glass such as borate glasses. Useful fillers also include silicon dioxide type fillers, and 
these may assist in forming a hardened product when the modified inorganic polymer is 
subsequently used. Particulate and fibre reinforcement may have the same result. The 
10 incorporation of additional components may enhance the mechanical properties of the 
inorganic polymer and/or impart specific properties such as electrical conductivity or 
resistance, magnetic properties and optical properties. One skilled in the art will be 
familiar with which additives to use and the effects they impart. 

15 Polymeric compounds such as polyurethanes. styrene butadiene/nitrile rubbers and 
poly(vinyl chloride) may also be blended with the inorganic polymer. These polymeric 
compounds do not tend to be incorporated within the structure of the inorganic polymer 
itself in the same way as the modifying reagents described. Rather, when used, the 
polymeric compounds tend to act as a matrix material between the polymer chains of the 

20 inorganic polymer. This in itself can lead to enhanced properties, such as flexibility, due 
to the presence of the polymeric compound at interchain locations. Obviously, the 
proportion of polymeric compound blended with the inorganic polymer will be influential 
in this respect and one skilled in the art would have no difficulty in ascertaining a suitable 
proportion based on the properties desired of the blended product. 

The inorganic polymers of the present invention may be prepared by the co-condensation 
of an aluminosilicate. alkali polysilicate and the modifying reagent. The physical form of 
the modifying organic reagent may determine the way in which this co-condensation ,s 
performed. Thus, when the modifying organic reagent is a liquid, m a first step, the solid 
30 aluminosilicate species are dissolved in alkali polysilicate to generate colloidal aluminate 
and silicate species. The modifying reagent is then added with continued mixing and the 
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mixture cured (typically to a temperature from 80 to leO'C) to initiate the co-condensation 
reaction. However, when the modifying organic reagent is a solid, the modifying organic 
reagent and aluminosilicate tend to be added to and dissolved in the alkali polysilicate 
prior to curing (typically at from 80 to leO'C) to initiate co-condensation. This technique 
may also be used if the modifying organic reagent is a liquid. Any additional components, 
as described above, are blended with the mixture prior to curing. Co-condensation leads to 
formation of an aluminosilicate network incorporating organic functional groups derived 
from the modifying reagent. Preparation of the modified inorganic polymer may be 
carried out using equipment conventionally used in the preparation of inorganic polymers. 
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In one embodiment curing takes place in more than one step. Here an initial curing step at 
relatively low temperature is employed to drive off any water present in the co- 
condensation mixture. Water present in the mixture prior to co-condensation can present 
processing problems such as delamination effects in the final cured product. The initial 
15 curing step takes place at a temperature of from 85 to 140<>C. Subsequently, when water 
present has been removed, a subsequent final cure (typically from SOOC upto about ISO'C) 
is effected. This multi-stage curing is usually employed when the organic compound 
incorporated into the inorganic polymer system is or includes a phenolic functional group. 

20 Typically, the composition {R.[M201x[Ab03ly[Si02].X<,.PHzO}of the reactant mixture in 
terms of mole ratios falls within the ranges given in the following table. 


Compounds 

IM2OI, 
(M=Na, 
K) 



(X=CI, 
F) 

F 

Organic 

silicon- 
containing 
compound 

Other 
organic 
compound 

Molar ratio 

1.0-1.6 

1.0 

3.0-65.0 

0.2-20.0 



Percentage 
(%) 


80 -99.9 
10-99 

10-^9 

20-0.1 
5-0.1 

90 

85-1 
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The f«ds«>cl. for fte reaction arc commercially .v»l*le or may b« made by *e 
The feedstocKs lor u. source of aluminosUicate naturally 

application or adaptation of known .echmques, '^-'O--"' Ex«npl.s include 
occurring or syna,etic .olid siUca-richalummos.hc«« ma, be used. 

Ccmed cays and fly a,K ^^ZZ:^^.^^::. to 

aluminosilicate may be prepared form a polyhydroxy alum ^ 
conventional techniques. Use... modifying reagents are commercally avatlabl. may be 
made by the application or adaptation of knovm techniques. 

The oroduct of the co-condensation reaction is typically a resinous material having 
. compared to conventional (unmodified) inorganic polymer syst«ns. 

enhanced properties comparcu „^,„„er structure enables the 

m introduction of organic iunctional groups mto the po ymer ~ 

HiesoftheendproducttobetailoredtotheintendedapplicationofAepolymer. The 

properties of the end proouci w , ^ he a combination of those pure 

properties of the modified inorganic polymers tend to be a combm 

inorganic and organic materials. 

' ^ modified inorganic polymers of ^ ^'^ ^ 
applications depending upon their properties as descnbed abov. Broad p J 

of .he invention may be used as an adhesive or coating, or as a b 
manufiicturing and processing technology. 

or more substrates and cured by elevated -''"-J^ ^ ^"l^ 
elevated .emp«atu,e. In .he consuuction tndusW the HIPS n^^y be P 

. . ... ...J .r, bond a variety of materials togettier. The HIPS may oe 

— '"™Ti tt^^based products and metals (e.g. steel,. In tite 
« used on. fbr '^''■ ^'^■^''^^ may 1^ used «, manufacmre circuit boards and 
electi^cal/electronics mdmtty the MPS .nay be ^^^^^ 
electronic components, such as semiconductors. The use of fte 
circuit boarfs (under high pressure «td temperature) results m a "8''' ^""^HIPS 

:cLal.temU-»^-»'™-'--"^'~"'~'t^^™ 
30 n,a,ti,ereforebeusedhiplaceofconv«.tio„a.m«en^suc^^^^^ 

m.l»nine.phenolics,poI»nid.s and Teflon. The ream may be apphed us 
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tools and methods as for organic resins eg epoxy, but cured at temperatures of 80»C to 
120°C. It has been found that manipulation of the relative proportions of organic and 
inorganic constituents enables the properties of the resultant HIPS to be controlled. For 
example, it may be possible to control the thermal, chemical and/or water resistance as 
5 well as mechanical, electrical and/or adhesive properties. 

When used as a binder the HIPS is blended with a functional additive, which may be a 
powder, granule or fibrous material, shaped and tiien cured by the action of heat, or a 
combination of heat and pressure, to form a monolithic product. During curing co- 

10 condensation reactions result in formation of a thermally stable composite product. The 
nature of the functional additive and the proportion included in the composite vnW dictate 
the end use of ti»e composite. Typical uses of such composites include automotive and 
aviation products such as brake and clutch components, engine moulds, tyres and lining 
materials (such as vehicle cockpit linings, parcel shelves etc). Such linings typically use 

15 paper or natuml or synthetic materials (e.g. cotton, glass) in fibre or yam form, as tiie 
additive. The HIPS may also be used to form foundry moulds for high temperature casting 
applications. For instance, tiae kind of HPS described in Example 2 below may be used as 
a binder to form a foundiy mould. Here tiie HIPS is blended with a suitable refractory 
material such as sand and, optionally, additional foundry additives. The HIPS is tiien 

20 moulded to the desired configuration and cured (a multi-stage cure is likely to be 
employed). 

Phenolicbased HIPS in accordance with tiie invention are also particularly well suited to 
manufacture of automotive and aviation components such as brake pads and clutch linings. 
25 Here the HIPS resin is used as a binder material and blended witii appropriate functional 
additives. Usually an initial low temperature cure is employed to drive off water followed 
by a final cure at a temperature of between 80 and HO'C. Alternatively, a single hot press 
forming and curing operation may be employed. 


30 The following non-limiting examples illustrate tiie present invention: 
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Example 1: HIPS synthesized wUh poly(dimethylsihxane ethoxyhaed dihydroxyl 
terminated): 

In Method 1, a suspension of colloidal powders, was prepared from 60g metakaoUn, 102g 
sodium silicate solution (ratio of Na.O to SiOa = 1:2) and lOg of poly(dimethylsiloxane 
ethoxylated dihydroxyl terminated) to produce a suspension of colloidal powders. Intimate 
mixing by stirring of suspension may enhance association of organic and morgamc 
components at the molecular level. The HIPS slurry was cast into cubic shape, and cured at 
gSX. The resulting samples showed good compressive strength and water resistance. 

Example 2: HIPS synthesized witlt phenolic resin: 

A HIPS was prepared from metakaolin and alkaline silicate solutions as in Example 1 but 
with phenolic resin (aqueous phenol formaldehyde having a specific gravity of 1.2 at 
15 25»C) being used as the modifying reagent. The HIPS formulation was synthesised by 
adding 40g phenolic resin to 60g base inorganic formulation and mixing the slurry by 
stirring ie @150°C.The physical characteristics of the resulting gel network depend 
greatly on the size of particles and extent of cross-linking prior to gelation. The HIPS 
slurry was applied as an adhesive and cured at ISO'C for 120mins. The cured HIPS 
20 showed strong bonding force at both room and high temperatures. 
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